Activation of neurokinin receptors modulates K+ and Cl- channel activity in cultured astrocytes from rat cortex.
Short application of the neurokinin receptor agonist substance P (SP) leads to a biphasic depolarization of astrocytes cultured from rat cortex. The rapid and transient depolarizing event lasted few seconds, the slow one several minutes. In some cells, only the slow depolarizing component was observed. During the slow depolarizing event, the sensitivity of the membrane potential for a change in the K+ gradient decreased, indicating a decrease in the relative K+ permeability of the membrane. The rapid SP-induced depolarization could be reversed, when the membrane potential was depolarized to about 0 mV by elevation of the extracellular K+ concentration, indicating a reversal potential close to the Cl- equilibrium potential. When the membrane was clamped close to the resting membrane potential using the whole-cell patch-clamp technique, SP induced a biphasic inward current with a similar time course as the SP-induced membrane depolarization. Evaluating current-to-voltage curves indicated a conductance decrease during the slow inward current with a reversal potential of the SP-dependent current close to the K+ equilibrium potential. The mean open time of single K+ channels, measured in the cell-attached configuration of the patch-clamp technique, decreased after application of SP. In contrast, the mean open time of single Cl- channels increased. We conclude that activation of neurokinin receptors in astrocytes modulates the activity of K+ and Cl- channels, leading to a complex depolarization of the membrane potential.